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There are two independent molecules in the asymmetric unit 
of the title compound, C22H21N3O4S. The central benzene ring 
makes dihedral angles of 74.28 (6) and 68.84 (6)° with the 
pyridine and 3,5-dimethoxyphenyl rings, respectively, in one 
molecule [86.66 (6) and 81.14 (6)° respectively, in the other]. 
Each of the molecules forms a centrosymmetric dimer with 
another molecule via pairs of intermolecular N— H- ■ O 
hydrogen bonds. These hydrogen bonds connect the N— H 
groups and the O atoms of the carbonyl groups next to the 3,5- 
dimethoxyphenyl rings. Additional intermolecular N— H- ■ O 
interactions link the dimers in the crystal structure. 

Related literature 

For related compounds and their biological activity, see: Khire 
et al. (2004); Dominguez et al. (2007). 



a = 102.723 (4)° 
P = 105.949 (4)° 
y = 90.975 (4)° 
V = 2159.51 (16) A 3 
Z = 4 

Data collection 

Oxford Diffraction Xcalibur Eos 

diffractometer 
Absorption correction: multi-scan 

(CrysAlis PRO; Oxford 

Diffraction, 2010) 

= 0.989, T max = 1.0 

Refinement 

R[F 2 > 2a(F 2 )} = 0.044 

wR(F 2 ) = 0.065 

S = 1.00 

8806 reflections 



Table 1 

Hydrogen-bond geometry (A, °). 



Mo Ka radiation 
li = 0.18 mm -1 
T = 293 K 

0.24 x 0.20 x 0.17 mm 



18448 measured reflections 
8806 independent reflections 
4117 reflections with / > 2cr(7) 
R<„, = 0.032 



547 parameters 

H-atom parameters constrained 
A/£W = 0.24 e A~ 3 
A/) mi „ = -0.23 e A~ 3 



D-H-A 


D-H 


H-A 


D-A 


D-H-A 


Nl-Hl-04' 


0.86 


2.12 


2.941 (2) 


159 


N3-H3-07" 


0.86 


2.22 


2.922 (2) 


138 


N4-H4- ■ 08'" 


0.86 


2.15 


2.985 (2) 


163 


N6-H6- ■ -03" 


0.86 


2.30 


2.957 (2) 


133 


Symmetry codes: (i) 


-x+l.-v, 


-z + 1; (ii) x, y - 


l,z; (iii) -x4 


2, -y + 1, -z + 2; 



(iv)i,y+l.z + l. 

Data collection: CrysAlis PRO (Oxford Diffraction, 2010); cell 
refinement: CrysAlis PRO; data reduction: CrysAlis PRO 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008) 
program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) 
molecular graphics: OLEX2 (Dolomanov et al, 2009); software used 
to prepare material for publication: OLEX2. 

We thank the Analytical and Testing Center of Sichuan 
University for the X-ray measurements. 

Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: IM2258). 



H3CO 




Experimental 

Crystal data 

C2 2 H 21 N 3 0 4 S 
M, = 423.49 
Triclinic, PI 



OCH, 



a = 11.1165 (5) A 
b = 13.5678 (6) A 
c = 15.3183 (6) A 
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Comment 



Sorafenib is of great importance owing to its antitumor properties (Khire et al. , 2004; Dominguez et al. , 2007). The title com- 
pound, as one of its derivatives, possessed even better in vitro anticancer activity against both two tumor cell lines (HCT116 
and HEPG2). As a potent antitumor drug, we report here its crystal structure. In the title molecule, C22H21N3O4S, (Fig. 
1), the phenyl ring makes dihedral angles of 78.54 (6)° and 75.30 (6)° with the pyridine ring and the 3,5-dimethoxyphenyl 
ring, respectively. In crystal, the molecules form centrosymmetric dimers via a pair of intermolecular N-H - 0 hydrogen 
bonds. In the crystal structure, intermolecular N — H - 0 hydrogen-bonding interactions between the dimers form an infinite 
three-dimensional structure (Table 1 and Fig. 2). 



To the suspension of anhydrous potassium carbonate (0.69 g, 5.00 mmol) and 4-(4-aminophenylthio)-A r -methylpicolinamide 
(0.52 g, 2.00 mmol) in 7.00 ml THF was added dropwise 3,5-dimethoxybenzoyl chloride (0.42 g, 2.10 mmol). After being 
stirred at room temperature for 2 h, the mixture was extracted with 30 ml e thyl acetate and 30 ml brine for three times and 
the combined organic layers were dried over anhydrous sodium sulfate. Then the solution was concentrated under vacuum, 
and the residue was recrystallized from ethanol to give the title compound, with 32.13% yield. Crystals suitable for X-ray 
analysis were obtained by slow evaporation from an ethanolic solution at room temperature. 



H atoms at Nl and N3 were located in a difference map and refined isotropically. The remaining H atoms were positioned 
geometrically (C — H = 0.93-0.96 A) and refined using a riding model, with {/i S0 (H) = 1.2-1.5 J7 eq (C). 



Experimental 



Refinement 



Figures 




Fig. 1. Molecular structure of the title compound with displacement ellipsoids drawn at the 
30% probability level. 
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Fig. 2. Packing diagram of the title compound. 



4-{[4-(3,5-Dimethoxybenzamido)phenyl]sulfanyl}-iV-methylpyridine- 2-carboxamide 



Crystal data 




C 22 H 21 N 3 04S 


Z=4 


M,- = 423.49 


P(000) = 888 


Triclinic, PI 


D x = 1.303 MgirT 3 


Hall symbol: -P 1 


Mo Ka radiation, X = 0.7107 A 


a = 11.1165 (5) A 


Cell parameters from 5046 reflections 


b = 13.5678 (6) A 


6 = 2.9-29.2° 


c = 15.3183 (6) A 


|i = 0.18mm _1 


a = 102.723 (4)° 


7=293 K 


(3= 105.949 (4)° 


Block, orange 


y = 90.975 (4)° 


0.24 x 0.20 x 0.17 mm 


K=2159.51 (16) A 3 





Data collection 



Oxford Diffraction Xcalibur Eos 
diffractometer 

Radiation source: fine- focus sealed tube 
graphite 

Detector resolution: 16.0874 pixels mm" 1 
co scans 

Absorption correction: multi-scan 
(CrysAlis PRO; Oxford Diffraction, 2010) 
J min = 0.989, T max = 1.0 
18448 measured reflections 



8806 independent reflections 

4 1 1 7 reflections with I> 2o(I) 
R int = 0.032 
6 max = 26.4° 
£ = -13^13 

£ = -16^16 

/= 19^19 



Refinement 



Refinement on F 
Least-squares matrix: full 



R[F 2 > 2a(F 2 )] = 0.044 



wRiF 2 ) = 0.065 
S= 1.00 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 
w = V[o 2 (F 0 2 ) + (0.0126P) 2 ] 
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8806 reflections 
547 parameters 
0 restraints 



where P = (F 0 2 + 2F c 2 )/3 
(A/o) max = 0.001 

Ap m ax = 0.24 e A~ 3 

Ap m i„ = -0.23 e A~ 3 



Special details 

Experimental. CrysAlisPro, Oxford Diffraction Ltd., Version 1.171.33.66 (release 28-04-2010 CrysAlisl71 .NET) (compiled Apr 28 
2010,14:27:37) Empirical absorption correction using spherical harmonics, implemented in SCALE3 ABSPACK scaling algorithm. 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Is. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > g(F 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 




SI 


0.65660 (6) 


0.37812 (4) 


1.12524 (4) 


0.05655 (19) 


Ol 


0.39178 (13) 


0.32537 (11) 


0.17737 (9) 


0.0536 (4) 


02 


0.33947 (17) 


-0.01920 (13) 


0.01326 (11) 


0.0862 (6) 


03 


0.64974 (15) 


0.00594 (12) 


0.34157 (10) 


0.0708 (5) 


04 


0.64438 (14) 


-0.26093 (10) 


0.57675 (10) 


0.0568 (4) 


Nl 


0.56894 (16) 


0.13586 (12) 


0.42239 (12) 


0.0541 (5) 


HI 


0.5175 


0.1823 


0.4170 


0.065* 


N2 


0.89197 (18) 


-0.23172 (14) 


0.78726 (14) 


0.0582 (5) 


N3 


0.74299 (16) 


-0.37746 (14) 


0.64935 (12) 


0.0553 (5) 


H3 


0.8025 


-0.3878 


0.6951 


0.066* 


CI 


0.48731 (19) 


0.20452 (16) 


0.25279 (15) 


0.0453 (6) 


H1A 


0.5205 


0.2565 


0.3056 


0.054* 


C2 


0.4130 (2) 


0.22594 (17) 


0.17137 (16) 


0.0409 (6) 


C3 


0.3640 (2) 


0.14940 (17) 


0.09286 (15) 


0.0513 (6) 


H3A 


0.3123 


0.1638 


0.0389 


0.062* 


C4 


0.3926 (2) 


0.05029 (18) 


0.09486 (17) 


0.0553 (7) 


C5 


0.4657 (2) 


0.02726 (17) 


0.17531 (17) 


0.0555 (7) 


H5 


0.4841 


-0.0392 


0.1764 


0.067* 


C6 


0.5116(2) 


0.10566 (18) 


0.25486 (16) 


0.0460 (6) 


C7 


0.3120 (2) 


0.35033 (16) 


0.09594 (15) 


0.0696 (7) 


H7B 


0.3508 


0.3355 


0.0462 


0.104* 


H7C 


0.2990 


0.4212 


0.1096 


0.104* 


H7A 


0.2327 


0.3110 


0.0773 


0.104* 


C8 


0.3678 (2) 


-0.12126 (17) 


0.00739 (16) 


0.0935 (10) 


H8C 


0.4572 


-0.1244 


0.0242 


0.140* 


H8B 


0.3313 


-0.1602 


-0.0553 


0.140* 
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U.yoUU 
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u.youu 


po noil 
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a a/;aa 
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a a/;aa 

u.youu 
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Co — HoA 
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i.jyi (z) 


f^l A POC 
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i in t 

ny. / 
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1 i n o 
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11/1 lO / 1 o\ 

124. 2o (lo) 


p/ii p i o pm 
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ill n ^1 n\ 

ii i .ii (iy) 


Pin P 1 Pi POI 

CZU — C 1 y — CZ 1 
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Ho.77 (lo) 


co\ isn w\ 


1 1 O Q 


V/7J — in o — rro 


1 1 S 7 


C21— N3 — C22 


122.1 (2) 


C43 — N6 — C44 


122.66 (17) 


C22 — N3 — H3 


118.9 


C11 N6 H6 


118.7 


H22B — C22 — H22C 


109.5 


H44B — C44 — H44C 


109.5 


H22B — C22 — H22A 
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-1.4 (3) 


N2— CI 9— C21— 04 


-177.59 (19) 
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Cz4 — CzD — Cz6 — U6 




1 *7A 1 

i /y.3 (Z) 


pi /""i p/i pc 
Cz — C3 — C4 — C5 


2.2 (3) 




pi/i pic pi/; pn 
Cz4 — CzD — Cz6 — Cz / 




1 1 ( A\ 

-1.1 (4) 


pi p/i pc p/; 
C3 — C4 — C5 — Co 


-0.5 (3) 




pic P1/C pn pio 
Cz 3 — Czo — Cz / — Cza 




1 1 (1\ 

1.3 (3) 


p/i pc p/; pi 
C4 — C5 — Co — C 1 


-1.7 (3) 




pi/; pn pio pn 
Czo — Cz / — Cza — Cz3 




0.5 (3) 


p/i pc p/; po 
C4 — CD — Co — cy 


i /o.4y (iy) 




pi/; pn pio pn 
Czo — Cz / — Cza — C3 1 




i /y.i (z ) 


pc p/: pn pi 

cs — Co — cy — (J3 


32. j (3) 




pn pio pi i 

Cz / — Cza — C3 1 — O / 




\ A A H /">\ 

— 144. Z (Z) 


pc p/; pn mi 

cs — Co — cy — JN 1 


i /i r 0*7 /i n\ 

-14!). o / (iy) 




pn pio pi 1 M/i 
Cz / — Cza — C3 1 — JN4 




3o.4 (3) 


p/; pi pi pi 
Co — C 1 — Cz (J 1 


1*70 T1 n c\ 

1 /0.Z3 (ID) 




pio pn pi/i pc 
Cza — Cz3 — Cz4 — U5 




-1 I 1 .5 (Z) 


p/; pi pi pi 
Co — C 1 — Cz — C3 


-U.3 (3) 




pio pn pi/i pic 
Cza — Cz3 — Cz4 — CzD 




2.5 (3) 




1 "7*7 on / 1 *7\ 

—l / /.yu (l /) 




pin pc pi/i P11 
Czy — Co — Cz4 Cz3 




A ( A \ 
U.O (4) 


P7 pi pi pi 
C / — 0 1 — Cz — C 3 


U.o (3) 




pin pc pi/i pic 
Czy — Co — Cz4 CzD 




1 *7A 1 /">\ 

—1 /y.i (z) 


po pi p/i pi 
Co — Oz — C4 — Ci 


1 hh n n o\ 
1//. 1/(15) 




pin p/; pi/; pic 
C30 — U6 — Cz6 — CzD 




2.2 (4) 


PO PI A PC 

Ca — Uz — C4 — C5 


-4.8 (3) 




pm p/; pi/; pn 
C30 — U6 — Cz6 — Cz / 




1 HH 1 /">\ 
—1 1 1 .5 (Z) 


pn m 1 nfi pi i 
cy — JN 1 — C1U — Cll 


3o.4 (3) 




pi 1 m/i pn pn 
C31 — JN4 — C32 — C33 




1 1 A A 

— I3y.u (z) 


m 1 pin pi c 

cy — jn i — ciu — ci5 


— 14D.0 (Z) 




pi 1 M/i pn pn 
C31 — JN4 — C32 — C3 / 




44. Z (3) 


pin \T1 PQ P.! 

CIU — JN 1 — Cy — U3 


4.U (4 j 




pn M/1 P1 1 P"7 
C32 — JN4 — C3 1 — U / 




5.9 (3) 


pi a \T1 pn p/; 

ciu — jn i — cy — Co 


i hh & \ ( 1 a\ 

—1 / /.oi (iy) 




pn M/i pi 1 pio 
C32 — JN4 — C3 1 — C2a 




1 T/l HI (1 O) 

-1 /4. 15 (lo) 


pin P11 rn pii 
CIU — CI 1 — C12 — CI 3 


-0.7 (3) 




pn pn pi/i pic 
C32 — C33 — C34 — C3j 




0.5 (3) 


P11 pin pi c pi i 
CI 1 — CIU — CI J — C14 


-1.3 (3) 




pn pn pn pi/; 
C33 — C32 — C3 / — C36 




2.9 (3) 


pi 1 fMO r*'\*i pi /i 
CI 1 — Clz — C13 — C14 


-0.6 (3) 




pn pi/i pic ci 
C33 — C34 — C3 J — b 1 




1 /o.lo (1 J) 


P11 pn p 1 1 

CI 1 — Clz — C13 — b2 


-1 /O.lD (10) 




pn pi/i pic pii 
C33 — C34 — C3D — C3o 




1 1 /QA 

1.1 (3) 


pn pit pi i pi c 
Clz — C13 — C14 — Uj 


0.9 (3) 




pi/i pic pii pn 
C34 — C35 — C36 — C3 / 




-0.7 (3) 


pn p 1 i ci pu 
C 1 2 — C 1 3 — b2 — C 1 o 


-OO.Uo (lo) 




pic ci pio pon 
C3D — bl — C3a — C3y 




1*7C t"\ H\ 
1 /D.00 (1 /) 


p 1 1 pu pi c pm 
C 1 3 — C 1 4 — C 1 J — C 1 U 


0.1 (3) 




PIC C1 PIO P/11 

C35 — bl — C3a — C42 




-5.7 (2) 


pi 1 P 1 1 ci pu 

C 1 4 — C 1 3 — b2 — C 1 o 


11/1 /IT / 1 Q\ 

1 14.4 / {lo) 




pic pii pn pn 
C3 j — C36 — C3 / — C32 




-1.4 (3) 


pi r pin pii pn 
CI 5 — CIU — Cll — Clz 


1.6(3) 




pn pn pn pi/i 
C3 / — C32 — C33 — C34 




-2.5 (3) 


pu pn pio \n 
Clo — CI / — CIS — IN 2 


A 1 (A \ 

-0.3 (4) 




pio C1 PIC PI/1 

C3 a — b 1 — C3 D — C34 




yo.33 (i /) 


pn pu pin pin 

ci / — cio — ciu — ciy 


1 O /"I \ 

1.8 (3) 




PIO C1 pic pit 

C3a — bl — C35 — C36 




Q£ A C /1 Q\ 

-50.4!) (lo) 


pn pu ci p 1 i 
CI / — Clo — b2 — C13 


lol. /U (lo) 




pio pin p/in mc 
C3a — C3y — C40 — JN 5 




A 1 

0.1 (3) 


pi n mi pin pin 
C 1 a — JN 2 — C 1 y — CzU 


1 T /"3\ 

1.3 (3) 




pin pio p/ii p/i 1 
C3y — C3a — C42 — C41 




-0.5 (3) 


P1 Q Ml P1Q P11 

C 1 a — JN 2 — c i y — Cz 1 


1 ~7"7 11 ^^ q\ 
—1 / /.lz (la) 




p/in mc p/i 1 p/ii 
C4U — JN J — C4 1 — C42 




2.5 (3) 


pin Ml PIO P 1 "7 

Ciy — JN2 — Cla — CI / 


nn rt\ 
0.0 (3) 




P/in mc p/i 1 p/ii 
C4U — JN5 — C41 — C43 




1 "7/1 OT / 1 Q\ 

— 1 /4.oZ (lo) 


pin pu pn pio 
CzU — Clo — CI / — Cla 


-0.0 (3) 




p/i 1 mc P/in pin 
C41 — JN5 — C4U — C3y 




-1.8 (3) 


C20— C16— S2— C13 


-19.4 (2) 




C42— C38— C39— C40 




1.1 (3) 


C20— C19— C21— 04 


3.9 (3) 




C42— C41— C43— 08 




-2.9 (3) 


C20— C19— C21— N3 


-174.95 (17) 




C42— C41— C43— N6 




177.22 (19) 


C21— C19— C20— C16 


176.16(17) 




C43— C41— C42— C38 




175.86(17) 


C22— N3— C21— 04 


-3.2 (3) 




C44— N6— C43— 08 




-3.8 (3) 


r^ii mi r'li rMQ 
Czz — In 3 — Cz l — c l y 


1 / J.00 (1 /) 




f^AA M£ f^AI f^A 1 

C44 — IN 0 — C43 — C4 1 




1 7/; n7 c\ n\ 
1 /0.U / (1 /) 


Hydrogen-bond geometry (A, °) 












D—H-A 




D — H 


H-A 


D-A 


D— H- 


Nl— HI -04' 




0.86 


2.12 


2.941 (2) 


159 


N3— H3-07" 




0.86 


2.22 


2.922 (2) 


138 
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N4— H4-08 m 0.86 2.15 2.985 (2) 163 

N6 — H6-03 iv 0.86 2.30 2.957 (2) 133 

Symmetry codes: (i) -x+\, -y, -z+1; (ii) x,y-\, z; (iii) -x+2, -y+l, -z+2; (iv) x,y+\, z+1. 
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